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I In nt tr ro od du uc ct ti io on n
Facioscapulohumeral muscular dystrophy (FSHD), one of the most common muscular dystrophy variants [1] , was first described in the middle of the 19 th century [2] . The inheritance is autosomal dominant and the genetic defect results from deletion of D4Z4 tandem repeats at the 4q35 locus [3] . The molecular pathology is very complicated and not clearly understood [4] .
Clinical features are very characteristic, and the distribution of the weakness is quite unique. Facial weakness is evident in limited movements of lips; patients are unable to whistle or inflate their cheeks. Scapular winging and characteristic appearance of the shoulder girdle, so-called triangular shoulders, is typical. Lower limb weakness affects mainly distal muscles, especially the anterior tibialis muscle, which, if evident, may suggest the neurogenic process. Contrary to other dystrophies, asymmetry and selectivity of muscle involvement are very characteristic for FSHD.
Before molecular tests became available, the diagnosis of FSHD was based on the clinical grounds, family history and electromyography (EMG) findings. At that time, FSHD diagnosis in some cases was difficult to make, due to relatively high frequency of atypical and subclinical cases, also due to intra-and interfamilial clinical variability of the disease.
The results of EMG in FSHD were generally assessed as myopathic [5, 6] . In some patients, however, EMG changes atypical for myopathy were described. Changes atypical for myopathy included increased amplitude of single motor unit potentials (MUPs) and spontaneous activity at rest [7] . One of the causes of aty pical electrophysiological findings recorded in FSHD could be the presence of inflammatory changes seen in a muscle specimen [8] [9] [10] [11] . Munsat even suggested the existence of an FSHD inflammatory variant and showed the presence of fibrillations at rest, which he interpreted as a neurogenic sign [12] . It is now known that fibrillations and positive sharp waves may be recorded not only in neurogenic but also in myopathic processes, especially in the acute stages of myositis and in quickly progressive muscular dystrophy [13, 14] . There are no current data available on the frequency of so-called inflammatory changes in FSHD muscles in patients with the diagnosis confirmed by molecular tests.
The aim of the study was electrophysiological characterisation of FSHD, especially in the view of recent reports. We intended to assess the relationship between clinical and electrophysiological findings and discuss appropriate selection of particular muscle and MUP parameters to be tested. We also planned to assess the electrophysiological changes in subclinical cases of FSHD.
for motor unit activity potential parameters did not show any new data for evaluation of the myopathic process. Myopathic changes in our material were not as advanced as those described in classical dystrophies. Histopathological examinations of skeletal muscle were normal in about 1/3 of patients. C Co on nc cl lu us si io on ns s: : We established that myopathic changes are clearly present in FSHD, with different degrees of intensity, most pronounced in tibialis anterior and deltoid muscles. There was no correlation between electrophysiological findings and clinical features. The size index provided the highest motor unit potential diagnostic sensitivity in FSHD.
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Potwierdzono przydatnooeae wskaŸnika wielkooeci w ocenie procesu miogennego, analiza tzw. outliers dla parametrów potencja³ów jednostki ruchowej nie wnios³a nowych danych. Zmiany miopatyczne w analizowanym materiale nie by³y tak zaawansowane jak te w klasycznych dystrofiach. Badanie histopatologiczne miêoenia szkieletowego w ok. 1/3 przypadków by³o prawid³owe. W Wn ni io os sk ki i: : W FSHD badania elektrofizjologiczne potwierdzaj¹ miopatyczne uszkodzenie miêoeni, o ró¿nym stopniu nasilenia w poszczególnych miêoeniach. W najwiêkszym stopniu zmiany obecne s¹ w miêoeniu piszczelowym przednim i naramiennym. Parametry elektromiograficzne nie wykazuj¹ korelacji ze stopniem zaawansowania objawów klinicznych. W opracowaniu autorów najwiêksz¹ diagnostyczn¹ czu³ooeae dla zmian miopatycznych wykazywa³ wskaŸnik wielkooeci potencja³ów czynnooeciowych jednostek ruchowych.
S S³ ³o ow wa a k kl lu uc cz zo ow we e: : miopatia, dystrofia twarzowo-³opatkowo--ramieniowa, elektromiografia, potencja³ czynnooeciowy jednostki ruchowej, wskaŸnik wielkooeci. Fig. 1 ). Nine cases were of early onset according to Brouwer's criteria [15] . These were associated with a rather quick and unfavourable course. Three patients presented with subtle or subclinical symptoms. The remaining 25 cases had a typical FSHD phenotype (Tables 1 and 3) .
The Medical Research Council (MRC) scale (grades 0-5) was used to assess muscle strength. Mean results of muscle strength assessment in different FSHD types are presented in Table 4 and Fig. 2 .
Electrophysiological tests comprised a conduction study of motor and sensory nerves (median, peroneal and sural) and quantitative concentric needle electromyographic (CNEMG) examination of 4 muscles (biceps brachii -BB, deltoid -DD, vastus lateralis -VL, tibialis anterior -TA). Electromyographic recordings were done on one side; in case of asymmetric muscle involvement, the examination was performed in the more clinically affected muscle.
Quantitative EMG was performed in a standard way using concentric needle electrodes (type DCN 37, Me d tronic) and Keypoint, Medtronic Functional Diagnostics EMG system; MUPs were registered using multi-MUAP software. Only muscles with at least 20 different MUP samples were included for further analysis. During voluntary movement, MUP parameters (duration, amplitude, size index and number of polyphasic potentials) were analysed.
Activity at rest, amplitude and density of electrical activity at maximal effort were evaluated visually and quantitatively directly from the screen of the monitor. Phenotype assessment in FSHD patients [7] . Patients with early onset of the disease presented with higher mean grading. Subclinical cases had the lowest grading. P Pa at ti ie en nt t G Ge en nd de er r A Ag ge e a at t F FS SH HD D F Fa am mi il ly y D Di is se ea as se e G Gr ra ad di in ng g* * C Cl li in ni ic ca al l E EM MG G e ex xa am mi in na at ti io on n 4 4q q2 23 3 d de el le et ti io on n h hi is st to or ry y d du ur ra at ti io on n p ph he en no ot ty yp pe e r re es su ul lt ts s Table 2 )
FSHD -electrophysiological-clinical relationships
In the majority of familial cases, EMG examination was performed in the one affected only. In four families electromyography was done in two affected persons from the same family.
Muscle biopsies were done in 28 cases (10 VL and 18 BB muscles), on the side which was not affected by EMG examination.
Statistical methods used for data analysis were as follows: for interval variables -simple descriptive statistics, such as means, standard deviations (SD), medians and ranges.
The Shapiro-Wilk W-statistic was used to test for normality, and Spearman coefficients were used as a measure of the relationship between variables. P-value < 0.05 was used to reject the 'null' hypothesis [16] . Calculations were performed using SAS System [17] .
R Re es su ul lt ts s
Obtained results were compared with the normal values adopted by the Neurophysiological Unit of the Neurological Department, Medical University of Warsaw.
Conduction velocities, distal latencies and amplitudes of evoked potentials in motor ad sensory fibres were within normal limits.
The CNEMG tests revealed myopathic changes in all examined patients and in 130 out of 136 muscles.
In the minority of cases, fibrillations and/or positive sharp waves (13.5%) and pseudomyotonic discharges (2.7%) were recorded. No spontaneous activity was observed in DD muscles.
The pattern of electrical activity was proportional to the effort (normal) in 60.5% of examined muscles. A pathological interference pattern was recorded in less than 40% of examined muscles. A decreased (lower than 1 mV) amplitude at maximal effort was found in less than 50% of muscles -most frequently in TA and DD muscles (Table 5) .
Pathological interference pattern (50% of cases) with decreased (< 1.0 mV) maximal effort amplitude (64% of muscles) correlated with decreased TA muscle strength (grade 3.2 in MRC).
Maximal effort amplitude higher than 5.0 mV, without decrease in density, was recorded in 8.8% of all examined muscles, most frequently in DD and VL (Table 5) .
In individual muscles, different degrees of single MUP abnormalities were recorded, most frequently in TA and DD muscles (Tables 6 and 7 ). Short duration of potentials and decreased size index in more than 50% of DD and TA muscles were noted.
In only 14% of FSHD cases, decreased duration and SI values in all four examined muscles were recorded (Table 8 ). This finding confirms selective muscle involvement.
In 17.7% of DD muscles, mean MUP amplitude was decreased, and in 11.8% of DD and 11% of VL it was increased. There was no mean MUP duration or SI above 2 SD of control (normal value) in any of the examined muscles. h hi ig gh he er r t th ha an n 5 5 m mV V, , t th ha an n 1 1 m mV V, , i in nt te er rf fe er re en nc ce e p pa at tt te er rn n % % ( (n n) ) % % ( (n n) ) i in n m ma ax x. . e ef ff fo or rt t, , % % ( (n n) ) In 19 BB muscles (54%) and in 11 TA (38%) muscles, the amplitude of outliers was below the lower limit, whereas in 2 (7%) TA muscles the amplitude of outliers was above the upper limit (Tables 8 and 9 ).
Generally, there was no correlation between the degree of EMG changes, the age of FSHD patients and clinical phenotype (early onset, subclinical and typical).
In two out of three patients with subclinical FSHD phenotype, EMG showed typical myopathic changes. In one subclinical case (no. 35, Table 3 ) only SI was decreased and the other MUP parameters remained within normal limits.
There were no pathological changes in nine (31%) out of 28 muscle biopsy specimens (BB, VL). In the remaining cases, the degree/intensity of myopathic changes in muscle biopsy differed; mainly atrophy of fibres and decreased number of type 1 fibres were observed. In one case inflammatory-like changes were demonstrated.
There was no clear relationship between weakness in any given (VL, BB) muscle and EMG results or histopathological findings. However, EMG findings and histopathological material identified did not come from the same muscle, because the biopsy was always done on the side opposite to the EMG-tested side.
We found that decreased MUP parameters (SI, duration, single potential amplitude, mean effort amplitude) were most frequently observed in TA. The next most affected muscle was DD. A pathological interference pattern was most frequently seen in DD and TA muscles.
D Di is sc cu us ss si io on n
It is believed that EMG studies in FSHD could provide much less information than in other dystrophies. Why EMG in such clear myopathy can be myopathic, normal, or can present with some findings unspecific for myopathy, is not known. Even in cases with clearly pure myopathic phenotype, EMG may show differently expressed myopathic features.
The study was conducted in quite a large, genetically homogeneous FSHD group; nevertheless, the occasional presence of spontaneous activity at rest, high mean MUP amplitude and high maximal effort amplitude is rather unexpected.
Several previous studies [5, 6, 13, 18] provided data on the sensitivity of quantitative EMG in FSHD patients.
In any kind of myopathy, BB and VL muscles are routinely examined in EMG. It is known, however, that selective and asymmetric muscle involvement is characteristic for FSHD [1, 7] .
Electrophysiological findings in our FSHD patients showed myopathic changes in all cases. Nonetheless, the degree of abnormalities was differently expressed in particular muscles. Relatively early and marked clinical involvement of TA and DD muscles reflected clear myopathic changes. VL muscles were often spared (Tables 4 and 5 , Fig. 3 ).
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Biceps brachii
Both parameters (SI and thickness) are dependent on area and amplitude. SI also evaluates potentials' thickness, but it has an advantage over area/amplitude in that it is independent of the needle's movement [21] . Therefore we considered SI to be the most objective and informative parameter.
The SI parameter was first shown to be very sensitive in detecting neurogenic changes in muscle [19] . We found that SI was also a relatively sensitive parameter for evaluating myopathic changes [14] . The current study confirmed that SI is a very informative MUP parameter in FSHD. SI reduction reflects a decrease of motor unit potential area due to diminished size and number of activated muscle fibres.
The discrepancy between our and Podnar's results may be due to the number of muscles being studied. We studied four muscles: TA, VL, BB and DD. Podnar and Zidar evaluated two muscles, BB and VL, which are not markedly affected in FSHD [5] . We tested muscles on the more affected side, while in Podnar's study, right-sided muscles were examined, irrespective of muscle asymmetry involvement.
Podnar and Zidar found that outliers demonstrated higher sensitivity than mean MUP values [5] . We showed that decreased amplitude was the only outlier present in about half of BB and TA muscles.
In our material muscle biopsy was done in 73% of cases. Only in one patient were inflammatory-like changes detected (individual no. 36). In this case, there was no spontaneous activity at rest. This particular patient (no. 36, Table 3 ) was a sporadic case with an early onset FSHD phenotype that clinically did not differ from other early onset patients in our material. On the other hand, in all patients with typical FSHD phenotype and with spontaneous activity at rest, muscle biopsy did not show any inflammatory changes. In our study, spontaneous activity at rest was detected in 13.5% of cases. This is the result of hyperexcitability of destroyed muscle fibre membrane.
Overall, muscle biopsy was not helpful in making the FSHD diagnosis; in about one third of cases, no pathological changes were observed. Nevertheless, muscle biopsy is important in excluding alternative diagnoses such as inflammatory, structural and metabolic myopathies. In Stubgen's study [6] , a clear correlation between patient age, disease duration and EMG results (MUP amplitude, duration in triceps brachii muscles) was demonstrated. In this study, however, the group of patients was clinically homogeneous. The correlations were less obvious in TA muscle, where clinical data inversely correlated with the MUP duration.
The lack of correlation between patient's age and EMG parameters in our study was not unexpected. Our FSHD patients presented with heterogeneous phenotype (early onset, subclinical and typical); the onset of the disease in particular cases differed, and the severity and involvement of individual muscles varied considerably.
The present study confirmed high diagnostic sensitivity of multi-MUP parameters analysis, particularly MUP size index and duration. In patients with subclinical FSHD phenotype, decreased SI values without other EMG abnormalities may be the only electrophysiological sign suggesting myopathic lesion.
Marked and evident myopathic changes were noted in TA muscles relatively early; therefore EMG of these muscles should be included in the standardized electrophysiological procedure in patients with suspected FSHD.
In typical muscular dystrophy, myopathic features were previously well described [13] . The study was done before genetic testing became available; therefore the population could consist mainly of patients with Duchenne and typical Becker muscular dystrophiesthe most frequent myopathies. FSHD -electrophysiological-clinical relationships
